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pESCs), B4 5 Bz i5-F ta et (embryonic stem cells, ESCs)481449 % %1 5t fe B &R E47 48, B A& R
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Abstract

unfertilized parthenogenetic embryos. pESCs not only have the similar abilities of pluripotency and self-renewal

As a research hotspot in recent years, pESCs (parthenogenetic embryonic stem cells) derive from

as ESCs (embryonic stem cells), but also have the advantages of wide sources, high acquisition efficiency and low
tumorigenic ability. This review described the specific characteristics of pESCs in histocompatibility and genomic
imprinting, and summarized its application in parthenogenesis, and prospected its value in genetic diseases and
clinical research.
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JE G4 g (embryonic stem cells, ESCs)H A 1E
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o N T fRUIX PR W90 — B SRR T
JiGJi ESCs(fertilized embryonic stem cells, fESCs)H]
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BT KRB, HpESCS R — ST 4
B8 FRT VE ELAE  RAT

1 FEELEIYIpESCsHYIE L

Wi 7L 20 ) O BE A B AL A HETE IS T2 5 1S
BT, I A 2 O B RO R R BUK B B ZEE,
73 5 AICHE VR fif 1) P9 4 B 141 T 2 SZpESCs &R H 11
A30FATT IR D2 % T3 o1 I H0E 5 IHE K
B AT, 124 A1k, pESCsT B Uy Hh A/ B
FENRKEF NIRRT, 4= FEM Garh A AH K
W70, 19834F, KAUFMANZECYR A 2, | 005 /N
S FTMITI BR BEGH Y, 43 2 SICHEFE T, 4 F Bk o 1 g
43 85 2 R 1 N 41 9 [ (inner cell mass, ICM)i3E 1T
B 7%, UL E L T 4PkpESCs R, 754 H k4t i3 1 &
FEL )5 K I, pESCs A AR & 1) 22 Al 2 Zrh . 2003
F, LINGEUOSR ] 55 — M ACME I35 77 7%, Fl6-DMA-
P(6-dimethylaminopurine)ft. 2% Ui /)N FRMITE DY
AN 3RAT /N SR IRMEZENR, 31T 3RAFpESCs, ANl R
HA 5 50 B0 i (A [ ) = A GBI E &
A& (major histocompatibility complex, MHC), 27 &
FHIE 55 TESCARARA, Bol 14 s 1 il A i L il 52 PH 1, 36
KOCT4, 2B IEH H B A —E K B EEH Lok
i RE

EAE N R K INMET40Ju i &2 524, VRANA
£ DR AN R T/ BRI i (0% 7 X, ST
B R IK A 6-DMAPR 7 5 H0E 1 28 M MILIH Ji e
RGP EEAHM, RIS T AMCINHESENE | i 9% T RVE
B ICMBEHAT M B 97, ATZEH 128 —MRARE )
W pESCs R, K HAr 4 A Cynol. Cynol 4 ) v B
J£4 5 N ESCs(human embryonic stem cells, hESCs)
FAAL, AT PAFEAR AN B AR 24 DA F, BT 1 5t
oL R A EAERE . BRA, OB
MR SR L, RIA R M FR S SSEA-4. TRA1-60F1
TRAI1-81, fEAR N RSN 2 55 A —E K = Ik
JZ25rkfE 1. 20084F , DIGHEZ: B 5 VRANA
S F R RS 7325, A 38% N R R B B TR
W, FER A 17 TOE R R g2 3 1 SRR T
pESCs % . 1XLE4H My R 1) 40 fl 2 &5 5 ORMES (ore-
gon rhesus monkey embryonic stem cells)4il fifl & 41
A, #BE AR E K AR MEE AT, JF R G Y
Z e PEARid OCT4. SSEA-3. SSEA-4. TRA1-60F
TRA1-81, 7E4R N AR SN T T AE il = I 24188

ANERANAE N R K2 pESCs 2 [ I ST, it
FHEANTES N pESCs. 20044F | H[E 224 8 H g
ST A RS R AR SO FEESCs R, 5 KRKIM
SMNESHZ AN RN 2 S F S —PR ApESCs R 2
J& , W N T30S T 10480\ IR0 33875 A AR
MEFENE , BE S 257 H 2Pk N pESCs &, FF HAE B X 44
pESCs A 5 fESCsAHBAR AR fEX — RIITFIT
Hh BICHE R R ER R E R A (20%) IR BT s & 1), 1 vy
ASFEFAMBET, HNIREERIMEA KM TR E
PICHE IR i A L B BB IRBY B ol T B0 1)
K, 20074, REVAZOVAZE Ui & 5% %< )
RA ARG TG, KiEie s 7 IUEFE I I B .
[, 2 AIE ORI P N R B 2T 4 4 AR 5 /0N BR &1
AR AE TR =AM, BT S AR sl i
FEARAL T IUKERR G ICMIP) 23 38 77325, A 2340 N
MR AR St 2237 7 64k N pESCs R . IX4L41 g /R A
A AP hESCSHHIE, 7o B% . AR &l
bt , #RIX hESCsfkric SSEA-3. SSEA-4. TRAI-
60, TRA1-81F10CT4, A KL/ ESCshnit SSEA-1,
T P T G G S A AV R 0 v, AT AR AR AR 30K A
&, R RSN B A =2 L RE S, JE HL S0Pkt
2 i At A4 (T MHC AR D BE U

TG0 M LE AR AP RE TS K G 7% DL AR I SR AR
P& P Re G YRR ORI Ra e, X0 T
I RN 1 22 PR R B OCE B, 20074F, MATSED!
XN B B2 52 255 48 47 F RIBORT A0 27 245 5 R, BB
T T 16K N BRI, 357 1 28k A pESCs & 141
RIERINESHEFARE L 10018 )5, Horh—ANdi i &4
TR¥FFIER B 46X X% A, B ALY ESCsTE A FIEE
fiE, EAR AR AN B = IR 2 01k i e o 6 HR Bk
# & J¥%(short tandem repeat, STR)A 25 K AH, %
pESCs R 5 R L AL UTEC B, DL 25 SAE T, 4 2
FE 7 NpESCs F /2 AT 1, 1X AR Ms AL A& 1 1) it
ARG IR R BT YT R T H B T A,

2 pESCsHIZAZRHEE 4
pESCs¥2E R 41 5 Ui REYH g A4 [R5, 5 R

B RIGPIHASHENE, TR T FARMIRIT ik,

pESCsH g HL XK ESCs 1 S 2 7 e KRS BEAIG, ax AT

REAB TR RS B 2 MM UL, i E A

Y M B 2 B ARIB YT, NEEEIR IR ) BE e

UNH 4 #% 25 5 1iE (Parkinson’s disease, PD). ##&4i
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i WURZESE . SEFEREAL . BEIRE S IRAL T 3G
ST A8 . ESCs K H 705 (1) T g 4 g 2215 MHC(ER
human leukocyte antigen, HLA), 448 2|15 EA W 5
AJ B8 K MHCAS AR 25 110 FEO LA 51 6 S e HE e OB
SERHEGT R Hd, NMAAS S EBERN
ISP S HLA-A. HLA-BAITHLA-DR. il 7E
iR -, k5 52 4k 2 B 42 R PERRIX =AM A, BA
e B B A A0 R A S R AR AT 2

B TS [R] R30S 7 3252 5 25 R PR PTOHE i 11
WP 2 S BIOME SRS MU B9 R 41 0 55 —
WAARHEH I 5 JF A% AR ARG, DR B3 AH ok e 6 B AA, T Ak
IRE AEEI G, #37 H FIpESCs A A& B4 (E1A).
YN BEAH A 55 AR HE B S TR BB R PICHE IR i,
TE 5 HAH 22 5y 2 1a) G Ak 28 5 1% ) &R 5 A%
PRITCHE IR G W] K B B AR AR MR AG, BRIV i 2 37
PESCs 1) 18 1% 4 J5i 2 Fh 50435 et A4 & 1) 1T >R 1, 19
a5 MpESCs(EI1B) . A 92 A T2 FH 2 14 1 4
G BpESCs R IR I 2 vl SR B AR FEHE . R
STRXF >k H [F] — W 14 15 /] % (1) 3k pESCs(rPESC) &
BEAT 24 A M0 M, R IUrPESC-1. rPESC-2A1rPESC-3
LAt BRE A4 A (7] £ S B JRE [ YR 28 43 531 9187.2%
69.2%FN71.8%" o X Foft sy 4 B 7 A 1) Ji DR AT g 2
FE B — IR o3 5, A B[R] Gy (044 S5 A ik [A]
1) A [ B A, 0 HL 2 0t B A 22 R e AR
BRDRAEZ S, I, Gk & 5 Rk aH i
Jeta sk b (SN IR — M F, RIS R 1% 52
R 8 0 23 R AR G th Ak 28 SO 3 R 1% (BT C).
HERFMHC(ERHLA) X 35 4 1 2% & P56 pESCs oK 1 2
T B, & AT ARE G 52 A O A A R (1) 4
FER IO, kN, rPESC- 140 il £ 5 5P RE2H o L 447
FAZ X 3 A S5 7 B (R 58 A DU L . T rPESC-240
JfL R AE A2 X IR Al G ), e rp — 2 A A R A ) R 2R
Al B4 51k [E AR A4 (natural killer, NK)4H I ) 7%
% A, 7EE AR, B4 HT ApESCs &
M2 A5 E, BRI EHLANL 5 X35k, DA AR E R 4140
MBI B AEILE . AN, 244 IpESCsH At
AR REAMNE A TR, @il 4eiR
2H FA % 7 R % 45 P (single nucleotide polymorphism,
SNP)EESTR 5 [K43 B4 ] DL 52 4H ik e €0 B AE e [X
BT,

ali & R pESCsAE 7 A B8 1 0] G2 HE 5 = B B
AT . /DG WM RER 71Kk AHLA

£ s 45 1 pESCs: 55 — it M HL AL s 465 5P
BEAN Bk A8 B3R A HLAZL & TA R &, (H
XRAEmRE AL NP D 5 R IT R R
HLAL 2325 A 1 OFREZH A (44 A 73 55 HLAZE & 1
pESCs. ANHLAZALIER BAG F 5 M2 M, h
MAE 12D F AL S B AFTEREIE 1 S00FP 44 e,
HLAZ FEVE RS G R AEFE R, B%WAE REN
HH 2% B A S5 7 6 DR AR S 4 5 P AR 1) R 2
ZURR | IR BN R —SZ RIS LR IE T2 — 3
JUA Jior 2 —2 18], Rk, T i i s vy 2 8
()4 B e 2 — AR BBk . SR T, HLALL A
4l & (R pESCs Al LIVE N HLA - UL EC (1) (AR 21 i, 41
T HLAAE4E & () hESCs &, BEWS I & ¥ £ ol
GARIEC R TR, Kk, # HLAZEA (1 pESCs
YA P ORI AT . B, R B 850l AL 4 X
ESCs#tk £ n] LLTE 3™ G o 92 HE 7 S B 5% 5 1 o7
A (HLA-A. HLA-BHIHLA-DR)ILHL 60% 1] 3%,
T AN 55/ B AL X 26 & pESCs &Rl T LA7E I 4
KB 5 VUL 80% ) o 119201,

EIRAIG RpESCsTE N R AR B M AR 41 o B A
— € B SR PE B BN, (R B AR AR R I R A 2
AT, DA 20 20 A RN D 114 928 I 257 N, N i ]
DAKS DU B pESCSTE 15 244 P 1 Bt Ji K7 I HoAE
SN, AL FEpESCsH 1 E PR [k Z 17210, MHLAZE
AR Y BIHLAZ & (AN _F I, 7T Rg
FH T~ A% W A T S5 5 ] () S5k A 45 78 A 52 A AR
NKZH i 1) G i 5o SR, 6 /N BRI 90 36 1,
o MHCAE & FIpESCs A HAL IR AR 3 5 FIMHC 4% &
(/N BR A, A N RS2 R AR S S e SRS A
MMHCH: & [FIpESCs AU AT A8 BIMHCH! 73 A
UCFC A1 3 H s, MHCER N 4 4 B A1 AN 5222,
TR 5L 15, MHC a/an] DAFE A EIMHC a/blfi1E AR A,
{HMHC a/bfEMHC a/a/) B AAIE R B X —4
R N, (A ARAEHLARL S EAHE 22
A, X AT HLAE S 52 1 S SN 2%

3 pESCsSEEHENR

e DR 2 B 325 i — A R WL AL LR, 1T
SELR () 230K B AN AR et e 1 — A B
JEAERL T it A b g S 1, TE R LA K 7 o
RIEELIER . AR, T 5 E A 17
TE, W L3 DIOME AR 5 TE i 3R AR AR 3. ZEA
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(A) Heterozygous parthenogenesis 1 PB

1**PB
Artificial activation .
_-\‘l
T X
PI

7
/

=’ oni pR Heterozygous

MII diploid
parthenote
B) Homozygous parthenogenesis
(B) ygous p g 14PB pB
Spontaneous
Artificial activation diploidizatio
2" PB Homozygous
PI MII diploid

arthenote
(C) Normal fertilization P

1* PB sStPB
— — —
PI MII

2" PB
Zygote

Ar AT TE IR B AR S T AR B . N TR, BHAE S AR, SRR G B AR 43 B8 i T A 2 e B R MR O T E B BRI P, TR — £
PRANMESZ RGN o 58— PR IFH 738 5 U S B RV e €A S5 (0 B DR 2 ) i AR A8 UL, 7 AR B8 A AR IR IS R I AP B A &Pk B By
ZEE UG AL S IIMEA B . N WO T BE AN 2 TR0 AN S M BRI SE e SR, e ) ) B (AR (AT LA A 225328 ) SIS, T
ARAT IR SRR 2 o AN THIR G (o B PR OR B O RV, 7 A A (A Al G R ITMERR G « C: IE3 32K o 7EI0 MY, PIASRA QL ik,
B S IR G (0 SRR, 3 I e (A A SR 5 A H X D300 R MBI TR — A R USSR AR e AR B R B 55— e R0 IR
et NJRBON RMILY], (EAEMIT I B, BLRRORE 72k . RIS i AR SR E AT . QIR (iR Ay B, S — R et s AR 55
IRABEERR . KT8 ARG RS AR R MIL JRE0 I PB, B PL R BT

A: heterozygous parthenogenesis without completion of meiosis. After artificial activation that blocks second PB extrusion, sister chromatids segregate
during anaphase II; however, both chromatids are retained within the oocyte, forming a diploid parthenogenetic zygote. Because of earlier meiotic re-
combination and crossover with the other homologous parental chromosomes, the resulting diploid parthenote exhibits high levels of heterozygosity. B:
homozygous parthenogenesis after completion of meiosis. Artificial activation methods may not interfere with completion of meiosis and segregation of
the second PB. However, the initial haploid genome replicates during mitotic S-phase without undergoing subsequent cell division. Both sister chroma-
tids are retained as a homologous pair resulting in a diploid but homozygous parthenote. C: normal fertilization. During the prophase I of meiosis I, the
two parental chromosomes, each containing sister chromatids, recombine and exchange regions through chromosomal crossover. Meiosis I is resolved
by extrusion of one homologous parental chromosome into the first polar body. The remaining homologous chromosome enters into meiosis 11 but re-
mains arrested at metaphase 11 until fertilized by sperm. Meiotic progression resumes after fertilization. Sister chromatids segregate, and one chromatid
is eliminated in the second PB. The sperm provides the second homologous chromosome to the diploid zygote. MII, metaphase 1I; PB, polar body; PI,
prophase I of meiosis L.

E g ERAE R R B T RS T4

Fig.1 Meiosis and zygosity outcomes during parthenogenesis

KAV Z LB, BEARFIAL AT R HEE &= b X 43 A RN BEYE ) 25 67 JE [R5 35 B age S [A] 1 o
S R, (AED)RE FRAE ), BEAMAARERA AR A,

& HAMG I e T IER R A K A2 %R BV R AFF 7 (%) 5% B 3 R SR T SRS AN 41 i 11 e
A/, PRE SR AR FLAN R B BT b 7 1 2 H, EREMETE S TR K Is& Dhfie b R G 5y 5958
FE R AH BN i 2 5T % DNA PR 3E4L . 213 s i A5 TSR IEBN .. XFpESCsHIESCsEl 75 (1)

FEGMALRNAFI L [T Gt R A5 M4 . S SE A
(R 1 DNAFH A0 DA g A 1R 7 25 R 2 B0 32 )
FER R o SRARIE 1) 22 7 F AL X 3(differentially
methylated region, DMR)FJ4F 5% 1% DNA H FE AL 7] LA

B TE N T A SR ARE I A B A T ARG ML 2
SR I IK B E13ZE R FEpES Cs H Y IS A6 AL T
fESCs. pESCs[) A& P % G 1k 5 B8 At DR (1 28 W0 a8
e BB VIM G, HIESCs—F¥, pESCsi= A ik &
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I BCRAR &, TEIR S A, pESCsX) 2H 28l 33 5
1 5T R AL AR T BIAL A P S99 I, B 5 AE AL ARG
W% R B TEMRAMKC G IR fE rh, R R 7E
FEART A, R AR B R A R 2 T A . REJR
2SI (1) BN 325 F5E BRI (HLT 9N GH2) RN A2 5 2% 328 (1) E 32 Jik
R(DIkI Snrpn. PeglFU2afl-rs TEAEACHHAE A
W AR A IE N, J5 AR IR/ BRI 1Y) B 2E J ]
Igf2rfE AR IR Yk /b, 75 M AR IR 3G T, 76 4k 4h
Braeid fEvp, BRI BE R 1) R AR E . Lgf2r AN
Snrpn, ¥ 95 U2af1-rs1{IDMR ' 3:4%, 5 pESCs itk
AHITTIRZE B S OGBS SRR AL IR Ep F
B[R AT BEAS 2 LA {RpESCs i ik & 1 ) /= T ik, -
s R 9J51 2R 12K (1 EJ 3 25 A 114 R0k P I 2 32 i pESCs
ZREVER LB o 2R 25 REJR Y A B3 1 3R A5 58
TE B B R AR R = 22 e 1 IpESCs &, A 7t BN
ILEM I K B H R M AL R iR AL T A E
(AR

HICKE I i T 41 B2 (androgenetic embryonic stem
cells, aESCs). pESCsHl fESCsACFE T 78 4 [7) 2 i 2
BRI AR T AFESEAYE SR AE . XA
2 |A) (1) 22 AR AT RE 2 B B aZE 5 2 1, e AT AT A
P N S8 35 DR 2 v DT A 3 (1% B e s PR AT X
. SAGIFE IS | —AHAAFRSEARIER A
ESCsRINZ eI R G, BIHHTERNITE X AN
aESCs. FTf B} &1 pESCsHIAH I ESCs. fEIX A
RauHp, B EE R R ) b B2 s ME— I R IERFE
FHXE T fESCs, BEJR R IEEL K #E aBSCsH 2 35 il
£ pESCsH R 2y B 24%, [FIAf, 7£ pESCsH AL JHE
IEFER 52 R, fE aESCsHh k4 Bl 245 . Atz
A, STELZER %S P28IL 55 7 NI 15 5 2 e 4t e
(induced pluripotent stem cells, iPSCs)FIXEAZ fE
TR, %2 T — S 2 R R 0 7E IO A= FE 40
Ji rp R 2 R A I AR R IR R . SAGIES ROV S
HOIIN 4= XA [ N aBSCs A I B 25 3[R $2 it 1 o
RIS R o N IO A= 5 400 i 1 7 P ] s S0 N 5%
k35 3 BT R AL AR FIBRE AR 25 DR 2 18 4 1A A SR 6 TR
FLRR R, T3 Ry 0 ix — B R i A 1) 2 W igt
FE I FR M BE A o

4 pESCs5illfEE5E
W L EN A IOME IR R TEiR KR &, FHAE T2
AN ERIE . pESCsAETEA AN WAMETEIR FJICMH 43

BEANEE IR H R, BT DAk YT R B R R,
EOLFEENT o DRk, 35 DR 2R E32E %o ok 1 HIOHE A i SRR )
pESCss2ma v] G&/NFAUMERRIG A & o 75 1E % 524
RN R HIOANEIE | Ig2Fkik. FARAE
K OB 114 A% 1 RS B B 40 A P4 e Jo A 7 1 TG
WRHG, HHTHI9R g 2Hk K i BN 5 R A E s, R
e R B R13.5KP, HIH IS R R IA F /58 1gf2
BR80T IR i i) R BB . BN, A
IR R AR vT LAGSId R A R AG 58 2 R AIE AR
Ji . 20044, KONOZECOR F H 1 9% R F fig b R A K
YR BRI R A A AR R AR, 3R1F T K B G AL
ME/NER, IXFPIICME /N BR Ig 2R HI9RIKIER , JF R
LI ARIRE /), R HI19-DMR(H19 b 72 e 11
A DX 458 )42 i P 20 2 DR B T IR AR 1 R Bk 21 5
BAEF B, SR, 084G VT 2 PELAS 558 AR FE 1) s A7
fE. BN, MALSEEAE 1) Dik1-Dio3 F1ZE X 35056 T XU
ARG R B A& U AT, AR T XA IR i
MIAS A T ). KONOZE BALE 2 J5 (A 72 A [ s 2
F % T H19-DMRA1IG-DMR(the intergenic-DMR, fif
T Dik1-Dio3[8] )72 5 H AL IX $5), KMEEHem 190
WERE R & B 2R EE 2 . KONOPH T 7t 6 B, 1Y
A E LA BIZE X 3 2 DA RME R & - 7ok, 3R
75 B DICHE /IS R B0 4%, (L i b EZEL AR 2 /S
R 2 30%, 1X 5K B S AR BN ZE AT BB 1 A7 Ay Al BE =
TRAF o JRUE L BRI FREN 5 X el ] LA XUREAR /N
BUER R E , (E0H L3 P9 sh 0 475 vl e A7 75 HoAth
X} E A T IR 7w

K B AIUHE IR AR 1) pESCsREMS P AE Hik &4, {H 2
TR O BRI M 2 37 ¥ pESCs, 76/ R A R B
BIRAREE . M2 T, SRR, 50
REGH i v] DUk B 5 52 K5 1 2RO RS, B35
1 5 AIOME IR G & B 2R . M58 4 B0 1 on B 41 i
W37 pESCs, A LL$Z i pESCsIZ M. 20094F,
CHEN%E U A BN BUE 807 7 ¥ pESCs &, H
B 328 FE [R] ) R IR A 5 FESCsHHRL, X 8 pESCsTE
WRANRIE T LI FESCs 4> TARIE, 5 fESCs*f 41
U BT A XAl . 2 NEFRZ, @ity
FE AR BE R EAD (tetraploid embryos complementation,
TEC), X4 pESCs 1] LAANZE i 5 RS 11 7 26 7% 1
OHEAFE4I1T, W pESCsEAE £ AR B/ 1, "ILA
AR Y BT AN R B R T RE B8 B . 1A
R Igf2ri ) RIK K- 518 FESCsHHAH Y, HI9EKR
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IR AR, PR A BE 77 0 1 pESCsH BV i2E 5 [A] 1
Rk, BT N ApESCshE @ Id TECHEAT 2 A K
Ho LIZEPIUREKONOSE [1) SLIGHE M, K H19-DMR
5 IG-DMR ¥ — AN S5 A7 5 PR it Bkt ] LK P58 92 1
pESCsI Z fig . Al AI1H] FCRISPR/Cas9 5 4t i i
pESCsH! {1 H19-DMR 5 IG-DMR ] ¥ 25 fi7 J£ [H], &
I 5 MIpESCs K B e A Frit i, Mid TECIRAS T
KB BRI DCHERG L, 2% DU R M e g Bl aT LA
1E BIpESCs AT LA 43 46 BAN R AT — 2R L 4 i, vt
SKpESCsf R 85 5 B 14 B At o

IR AR A K 5N BEGH A, @i EP B, R 15
IMEZh D T VAR B AR B B PR . 1 i e 4
X, FAFEACHRIIHAE DR KR BTN
A T IOHE B A W IG T 4H B2 (parthenogenetic
haploid embryonic stem cells, phESCs), {243 Al i
RSP AL PR TR & B, IX EE phESCs
BREF A AOIRS H B = RZ e Be 7, BIE s
AR AE AN . 20164F, LIZE PNE K H19-D-
MRF IG-DMR 1) 3 i B 1 AR 5435 44 ESCs(2KO-
phESCs)7F A il 24 UF BE 41 A A AR 7= AIOE /N B, AICHE
NEUR B B F RIS =, JFUER] IG-DMR
R DT o AHSRAZ I AIOME /N BROK 2 R L
KR BB R ER BTSSRI S KL,
LI55 VOZE B J5 T 78 Hh i — 28 M Bk phESCsH Rasgrf1
FIENZE X 35K, F3R15 7 KOMIPIUE /N B, 31X FhAI0HE /)N
BROFEA BoR A KIR s AL R . B, AT
T B w2 OGP B R A ] Re it — B R
pESCsIR B AL, J I &R A3 1F 5 {8 FE X IOME i
(STIEY/

5 THESRE

ST, JUMERGE 2R3N pESCs ) —Fh A 20
12, pESCs BA KR V2« SRICGE B ARBUR 1S
%, IFBA 5 ESCsMIPSCSAHLARI AP 2 Rp L. £E
e RYA YT b, SEEE R e I ¥ iPSCsBUA4H i A% F A K
JE ¥ ESCs(somatic cell nuclear transfer derived ESCs,
SCNT-ESCs)s& 7 & it i, K2 HUEH T e Joikk
4, i H.iPSCs A1 SCNT-ESCs [ 18 A% 4 i K I T A4
M, AT REAFAE RS SRAGIE AR, R, FLastAL e B
AN A8 ) 1T pESCs B3R IR T 5L R 20 A2 e (¥ O
KA, I H N\ pESCSTEARANAT i S0 N 2 Fh 1)
REZHIf . AHMADZS "9 45 BUiE sk T\ pESCsH#f

2 RE, N pESCsTI LA™ A= B M A RE 1 N
VEPMERH 28 41 g (human pESCs-derived neural stem
cells, hpNSCs), hpNSCsAMY AJ Lhidt— 35 434k Ry 5 1
PHZ A0 TS 22, 1T LI RT DA Ak oA ORI i 22 AR
JRANMIZEAL . GONZALEZS5 U461 Y 7 i 6 2K 54
e N R KB rh # 48 hpNSCs, B A8 5 13
Ytk N £ B 1% (dopamine, DA)/KF-Ft&r, A ALAA
R, UEB hpNSCs %t 2L, 7T RN
PDAHRL G YT (P AE AR o AR X AR 11 K R AR AL
VST hESCs AL JE 4 3% 1 K2 4H )il (retinal pigment
epithelium, RPE)A] AWK MW DI fig . 20124F, LIGEY)
¥ N pESCs/ 343 L A RPEFEZTML, A A RPEZTHIFH)
AR TT W kA B . IR B S 2 M pESCsEAT
TR G R T HAEFAE RSN, @S
SEMUAEL I HLAZE A5 (1) pESCs 4 M 22 B m] S 851 5 B
2HE TR A P pESCs ) 28 A IR
RN o % B 28 9,485 G B R AT 7 5 T i R & AL
FOIR AL BN i SR . SR, S AR B A s 7K
SEIaiA M ] Be {8 pESCsTE A 5 2= 1 N F R 44
o AR, BEFh 2 BT 4 B ER A HBRR I A s A
R EAIMIIGYT T 5T, XN pESCsRH I HF
FULZ A5 AN R B 1) 22 e 4 M 1) 45 SRR 47 LA
APFA -

VL4, INAS 8] ) i L 3 P vh R o 4 ST
pESCs, M MHCULAC 1) pESCs itk H T 18 ,
FIH|H pESCs %8 7 A KN BN HE K], 75 3155 (K 4 45
pESCs/ L fNMEZ Y , B 7 A 14E pESCs M ANMEA:
B IR 527 THI R BRTR N | 3% 6 N S 5k DR 9 1) Tt
FOEAE T BRI . WAL IE AR TR I R,
MNIBEHE T —Fr s & s F B, XFhFETEA
Rk B B BRI B B 2l Rsh . 1
B, FEAES P, B0 AN 5] B 325 [X 38 T 48 1) 10 4%
BRAETTLMEE — @ M o AR JEIRAS , BefE N LR IX
PR G R IE ST PR AL EANE ) S IR 2R - (HA2,
Rl pESCsHIE L Z AT T/ FEARKIEMA
wh, IHES) P R RE 70t JR) BR AE /N B 2 o A8 HLA IR
A AR B IE R pESCs, FERlEN ANBE
FERE A 7 75 S I8 (1) pESCs [ FLIE AN 78 57 .
18R L 8 37 pESCs MRS I Zh 46 B
T T AL sh W AR 7 AR 55 RO R R 7
(R B, A7 M) 40 i B ARR T AE I R R FH 7 T



Y]

Pl 5 - e L h A IOME T4 . 55 IOME A 3

53

(1

(2]

B3]

(4]

[3]

(el

(7

(8]

91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

S EHK (References)

BREVINI T A, PENNAROSSA G, ANTONINI S, et al.
Parthenogenesis as an approach to pluripotency: advantages and
limitations involved [J]. Stem Cell Rev, 2008, 4(3): 127-35.
CIBELLI J B, GRANT K A, CHAPMAN K B, et al. Parthe-
nogenetic stem cells in nonhuman primates [J]. Science, 2002,
295(5556): 819.

MAIQ, YUY, LI T, et al. Derivation of human embryonic stem
cell lines from parthenogenetic blastocysts [J]. Cell Res, 2007,
17(12): 1008-19.

UH K J, PARK C H, CHOI K H, et al. Analysis of imprinted
IGF2/HI19 gene methylation and expression in normal fertilized
and parthenogenetic embryonic stem cells of pigs [J]. Anim
Reprod Sci, 2014, 147(1/2): 47-55.

MAI Q, MAI X, HUANG X, et al. Imprinting status in two
human parthenogenetic embryonic stem cell lines: analysis of
63 imprinted gene expression levels in undifferentiated and early
differentiated stages [J]. Stem Cells Dev, 2018, 27(6): 430-9.
BEVACQUA R J, FERNANDEZ-MARTIN R, SALAMONE D F.
Bovine parthenogenotes produced by inhibition of first or second
polar bodies emission [J]. Biocell, 2011, 35(1): 1-7.

FANG Z F, GAI H, HUANG Y Z, et al. Rabbit embryonic stem
cell lines derived from fertilized, parthenogenetic or somatic cell
nuclear transfer embryos [J]. Exp Cell Res, 2006, 312(18): 3669-
82.

JUNG S K, KIM H J, KIM C L, et al. Enhancing effects of
serum-rich and cytokine-supplemented culture conditions on
developing blastocysts and deriving porcine parthenogenetic
embryonic stem cells [J]. J Vet Sci, 2014, 15(4): 519-28.
KAUFMAN M H, ROBERTSON E J, HANDYSIDE A H, et al.
Establishment of pluripotential cell lines from haploid mouse
embryos [J]. ] Embryol Exp Morphol, 1983, 73: 249-61.
HELEN L, LEI J, DAVID W, et al. Multilineage potential of
homozygous stem cells derived from metaphase II oocytes [J].
Stem Cells, 2003, 21(2): 152-61.

VRANA K E, HIPP J D, GOSS A M, et al. Nonhuman primate
parthenogenetic stem cells [J]. Proc Natl Acad Sci USA, 2003,
100(Suppl 1): 11911-6.

DIGHE V, CLEPPER L, PEDERSEN D, et al. Heterozygous
embryonic stem cell lines derived from nonhuman primate
parthenotes [J]. Stem Cells, 2008, 26(3): 756-66.

HWANG W S, RYU Y J, PARK J H, et al. Evidence of a
pluripotent human embryonic stem cell line derived from a
cloned blastocyst [J]. Science, 2004, 303(5664): 1669-74.

KIM K, NG K, RUGG-GUNN P J, et al. Recombination
signatures distinguish embryonic stem cells derived by
parthenogenesis and somatic cell nuclear transfer [J]. Cell Stem
Cell, 2007, 1(3): 346-52.

MARCHANT J. Human eggs supply ‘ethical’ stem cells [J]. Na-
ture, 20006, 441(7097): 1038.

REVAZOVA E S, TUROVETS N A, KOCHETKOVA O D,
et al. Patient-specific stem cell lines derived from human
parthenogenetic blastocysts [J]. Cloning Stem Cells, 2007, 9(3):
432-49.

KIM K, LEROU P, YABUUCHI A, et al. Histocompatible
embryonic stem cells by parthenogenesis [J]. Science, 2007,
315(5811): 482-6.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

RAO M S, AUERBACH J M. Estimating human embryonic
stem-cell numbers [J]. Lancet, 2006, 367(9511): 650.

BRAY R A, HURLEY C K, KAMANI N R, et al. National
marrow donor program HLA matching guidelines for unrelated
adult donor hematopoietic cell transplants [J]. Biol Blood
Marrow Transplant, 2008, 14(9 Suppl): 45-53.

NAKAJIMA F, TOKUNAGA K, NAKATSUJI N. Human leuko-
cyte antigen matching estimations in a hypothetical bank of hu-
man embryonic stem cell lines in the Japanese population for use
in cell transplantation therapy [J]. Stem Cells, 2007, 25(4): 983-
5.

HOGLUND P, SUNDBACK J, OLSSON-ALHEIM M Y, et
al. Host MHC class I gene control of NK-cell specificity in the
mouse [J]. Immunol Rev, 1997, 155: 11-28.

DIDIE M, CHRISTALLA P, RUBART M, et al. Parthenogenetic
stem cells for tissue-engineered heart repair [J]. J Clin Invest,
2013, 123(3): 1285-98.

GARFIELD A S, COWLEY M, SMITH F M, et al. Distinct
physiological and behavioural functions for parental alleles of
imprinted Grb10 [J]. Nature, 2011, 469(7331): 534-8.

GOSDEN R, TRASLER J, LUCIFERO D, et al. Rare congenital
disorders, imprinted genes, and assisted reproductive technology
[J]. Lancet, 2003, 361(9373): 1975-7.

LI C, CHEN Z, LIU Z, et al. Correlation of expression and meth-
ylation of imprinted genes with pluripotency of parthenogenetic
embryonic stem cells [J]. Hum Mol Genet, 2009, 18(12): 2177-
87.

SAGI I, DE PINHO J C, ZUCCARO MV, et al. Distinct imprint-
ing signatures and biased differentiation of human androgenetic
and parthenogenetic embryonic stem cells [J]. Cell Stem Cell,
2019, 25(3): 419-32,¢9.

STELZER Y, BAR S, BARTOK O, et al. Differentiation of hu-
man parthenogenetic pluripotent stem cells reveals multiple
tissue- and isoform-specific imprinted transcripts [J]. Cell Rep,
2015, 11(2): 308-20.

STELZER'Y, YANUKA O, BENVENISTY N. Global analysis of
parental imprinting in human parthenogenetic induced pluripo-
tent stem cells [J]. Nat Struct Mol Biol, 2011, 18(6): 735-41.
KONO T, OBATA'Y, YOSHIMZU T, et al. Epigenetic modifica-
tions during oocyte growth correlates with extended parthenoge-
netic development in the mouse [J]. Nat Genet, 1996, 13(1): 91-
4.

KONO T, OBATAY, WU Q, et al. Birth of parthenogenetic mice
that can develop to adulthood [J]. Nature, 2004, 428(6985): 860-
4.

LIN S P, YOUNGSON N, TAKADA S, et al. Asymmetric regula-
tion of imprinting on the maternal and paternal chromosomes at
the DIk1-Gtl2 imprinted cluster on mouse chromosome 12 [J].
Nat Genet, 2003, 35(1): 97-102.

KONO T. Genomic imprinting is a barrier to parthenogenesis in
mammals [J]. Cytogenet Genome Res, 2006, 113(1/2/3/4): 31-5.
CHEN Z, LIU Z, HUANG J, et al. Birth of parthenote mice di-
rectly from parthenogenetic embryonic stem cells [J]. Stem Cells,
2009, 27(9): 2136-45.

LI X, PENG K, ZHANG J, et al. Imprinting genes modified
parthenogenetic embryonic stem cells produce full-term mouse

via tetraploid complementation [J]. Sheng Wu Gong Cheng Xue



54

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Bao, 2019, 35(5): 910-8.

WANG H, ZHANG W, YU J, et al. Genetic screening and
multipotency in rhesus monkey haploid neural progenitor cells [J].
Development, 2018, doi: 10.1242/dev.160531.
HIRABAYASHI M, HARA H, GOTO T, et al. Haploid
embryonic stem cell lines derived from androgenetic and
parthenogenetic rat blastocysts [J]. J Reprod Dev, 2017, 63:
611-6.

ZHONG C, ZHANG M, YIN Q, et al. Generation of human
haploid embryonic stem cells from parthenogenetic embryos
obtained by microsurgical removal of male pronucleus [J]. Cell
Res, 2016, 26(6): 743-6.

WUTZ A. Haploid mouse embryonic stem cells: rapid genetic
screening and germline transmission [J]. Annu Rev Cell Dev
Biol, 2014, 30: 705-22.

LI Z, WAN H, FENG G, et al. Birth of fertile bimaternal
offspring following intracytoplasmic injection of parthenogenetic
haploid embryonic stem cells [J]. Cell Res, 2016, 26(1): 135-8.
LI Z K, WANG LY, WANG L B, et al. Generation of bimaternal
and bipaternal mice from hypomethylated haploid ESCs with
imprinting region deletions [J]. Cell Stem Cell, 2018, 23(5): 665-
76,e4.

LIUY, YE X, MAO L, et al. Transplantation of parthenogenetic
embryonic stem cells ameliorates cardiac dysfunction and
remodelling after myocardial infarction [J]. Cardiovasc Res,

[42]

[43]

[44]

[45]

[46]

[47]

2013, 97(2): 208-18.

YOUNG M A, LARSON D E, SUN C W, et al. Background
mutations in parental cells account for most of the genetic
heterogeneity of induced pluripotent stem cells [J]. Cell Stem
Cell, 2012, 10(5): 570-82.

ABYZOV A, MARIANI J, PALEJEV D, et al. Somatic
copy number mosaicism in human skin revealed by induced
pluripotent stem cells [J]. Nature, 2012, 492(7429): 438-42.
AHMAD R, WOLBER W, ECKARDT S, et al. Functional neu-
ronal cells generated by human parthenogenetic stem cells [J].
PLoS One, 2012, 7(8): ¢42800.

GONZALEZ R, GARITAONANDIA I, CRAIN A, et al. Proof of
concept studies exploring the safety and functional activity of hu-
man parthenogenetic-derived neural stem cells for the treatment
of Parkinson’s disease [J]. Cell Transplant, 2015, 24(4): 681-90.
GONZALEZ R, GARITAONANDIA I, POUSTOVOITOV M, et
al. Neural stem cells derived from human parthenogenetic stem
cells engraft and promote recovery in a nonhuman primate model
of Parkinson’s disease [J]. Cell Transplant, 2016, 25(11): 1945-
66.

LI W B, ZHANG Y S, LU Z Y, et al. Development of retinal
pigment epithelium from human parthenogenetic embryonic stem
cells and microRNA signature [J]. Invest Ophth Vis Sci, 2012,
53(9): 5334-43.



